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THESIS ABSTRACT

THE OHIO STATE UNIVERSITY

GRADUATE SCHOOL

ANDREW E. STANYA CAPTAIN USAF DC SUMMER/1 983

DEPARTMENT OF PERIODONTICS MASTER OF SCIENCE

TITLE: THE EFFECTS OF VARIOUS LEVELS OF ASCORBIC ACID

INTAKE UPON ORAL WOUND HEALING IN GUINEA PIGS

\*

The purpose of this study was to evaluate the effects
of varying levels of orally administered ascorbic acid on
wound healing in guinea pig oral mucosa. Forty five Murphy/
Hartley guinea pigs were randomly placed into four groups
and fed an ascorbic acid deficient diet for 2 weeks. Each
group of animals then received a daily oral supplement of
the following doses of ascorbic acid: 0.5 mg., 5.0 mg., 50
mg.# and 250 mg. All animals were weighed twice a week.
Twenty eight days later, a standardizee wound was made in
the premaxilla. On day 36, all animals were sacrificed.
Blood samples were evaluated for levels of ascorbic acid.
Thirty nine samples showed insignificant levels of vitamin C,
32 of which showed no ascorbic acid. Block sections of the
premaxillary wound site were processed for histologic
evaluation. Cross sections of the healing wounds were
stained with H+E and Masson and were evaluated using a
quadratic test grid. Results revealed that varying the
levels of ascorbic acid had no significant effect on wound
healing at 8 days (P..05). Organ to body weight ratios were
calculated and compared. Mleen to body weight ratios were
not affected by different acorbic acid levels (?>.05). Low
levels of ascorbic acid tended to increase kidney to body
weight ratios (P=.0514) and Jigh levels caused a significant
increase in adrenal gland to body weight ratios (P<.O5).
Varying the levels of ascorbib acid did not affect growth
prior to surgical wounding. ;ncreased levels of ascorbic
acid enhanced body weight recovery post surgically (PC.05).
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Ascorbic acid is an essential water soluble

vitamin in humans, primates, fruit-eating bats, red-

vented bulbuls, rainbow trout, coho salmon and guinea
I

pigs. They lack the necessary enzyme system for

ascorbate synthesis. Continued deprivation of the

vitamin leads to scurvy and eventually death.

Ascorbic acid is involved in folic acid activity,

iron absorption, maintains integrity of capillary

walls, plays some role in stress and is involved in

the formation of intercellular ground substance.
2 *394P

5,6 Vitamin C is a reducing agent and sustains

various enzyme systems in active states. It is

important in the synthesis of collagen and is

therefore an important facet in wound heeling.

The guinea pig is the animal model of choice to

study the effects of ascorbic acid. Guinea pigs

develop scorbutic symptoms in 3 to 4 weeks. The

condition manifests itself as weight loss, stiffening

of the hind legs, hemorrhaging in muscles and joints,

reduced collagen and osteoid formation, odontogenic

changes and delayed wound healing.7 Chronic marginal

vitamin C deficiency appears as a nonclinical entity

and in seen to result in depressed immune response,

atherosclerotic changes, alterations in liver cells

S-
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and in the autonomic ganglia and defective wound

healing. 89, 10

In recent years, massive doses of vitamin C have

been advocated in humans for cold prevention, improved

well being, treatment of cancer and inflammatory

periodontal disease.11h12 '13 'lJ Guinea pig studies

have indicated improved wound healing.
15

The purpose of this study is to evaluate the

effects of varying levels of orally administered

ascorbic acid on wound healing in guinea pig oral

mucosa. Wound healing is to be evaluated

hi stomorphometrically.

4A
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Vitamin C was isolated in 1928 by Szent-Oyorgyi

from orange and cabbage juice &nd the adrenal glands

16of oxen. "Hexuronic acid," as it was called then,

was synthesized in 1933 by Reichatein. Due to its

antiscorbutic activities, it was labeled ascorbic

acid.

Ascorbic acid is a six carbon chain similar in

structure to glucose with the empirical formula C6H8 06.

It is a white, odorless, crystaline substance with a

molecular weight of 176.06 daltons. Vitamin C is heat

labile and deteriorates in air. L-ascorbic acid is

the active form of vitamin C.. Ultraviolet light

absorption of L-ascorbic acid occurs at 245 rm. if

the pH is less than 1.5. Ascorbic acid is a strong

reducing agent and is readily oxidized to

dehydroascorbic acid, which is also antiscorbutic.
5

The exact biochemical functions are unknown, but

appear to maintain enzymes and their cofactors in an

active state, as well as acting as an antioxidant.

Ascorbic acid is involved in a wide variety of

metabolic activities including folate, tyrosine,

cholesterol and carbohydrate metabolism.8 '15  It also

plays a role in mineral activity.5

Vitamin C plays an active role in the immune

response. Early studies indicated enhanced ability
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of guinea pigs to resist tuberculin infection.
17

Polymorphonuclear leukocytes absorb large amounts of

vitamin C, especially when migrating into infected
18

areas. Alvares observed impaired polymorphonuclear

leukocytes, chemotaxis and phagocytosis in monkeys

with subclinical ascorbate deficiency. Increased

gingival inflammation and pocketing occurred.
9

Orally administered ascorbic acid is absorbed in

the ileum via an active transport mechanism which is

sodium dependent in the guinea pig and man.
19'20'21'22

Studies indicate a 27 to 50% loss in absorption of

orally administered doses compared to intravenous and

intramuscular administration.23 '24 925 Diarrhea, drugs

and the terminal stages of scurvy reduce intestinal

absorption.26 92702 8 Blood levels increase

significantly after vitamin C administration,

especially in leukocytes and platelets. Plasma levels

increase to a lesser degree and are used to determine

ascorbic acid metabolic turnover rate.2 9 Plasma levels

can fluctuate significantly due to uptake by tissues

and circulating leukocytes.3 0 '31 Vitamin C

concentrates in tissues with increased metabolic

demands. These include glands, wound sites, muscle
and fatty tissue.32 '33'34 '35 '36'37'38'39'40

• . • . . . ". - " " . . . - . ~ a _I A- . -
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Ascorbic acid is absorbed moat efficiently in

small doses.413 1 9 Its half life is 2 to 6 days. Once

saturation is obtained in the guinea pig, the unused

ascorbic acid is oxidized to carbon dioxide and

eliminated via the respiratory route 2 "D3 Given high

doses of vitamin C, the guinea pig excretes it in the

urine. Man eliminates ascorbic acid primarily in the

urine.

Ascorbic acid is a primary factor in the

metabolism of collagen, a major constituent of

connective tissue in skin and gingiva. It is

important in the hydroxylation of proline and lysine.

Hydroxyproline stabilizes the helical structure.4

Hydroxylysine plays a critical role in cross-linkage

formation.45 Recently, studies have indicated that

fibroblasts themselves may be directly stimulated to

increase collagen production, possibly by stimulation

with Type I procollagen messenger-RNA., ' 7 Wound

studies have used collagen production as a basis for

evaluating the relationship of ascorbic acid to

healing 4 '4 7' 4 8 Alfano observed increased

permeability of oral tissue with decreased vitamin C

supplementation. Periodontal tissues are susceptible

to permeable toxic products elicited from inflammatory

periodontal disease. 5 0 Kramer found that large doses
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of vitamin C stimulated significant collagen production

in implanted polyvinyl sponges after I week in the
15

guinea pig.

Acute ascorbic acid deficiency has a marked

effect on the connective tissues in the guinea pig. In

general, there is a decreased production of

intercellular substance, edema, degeneration of

fibroblasts and breakdown of newly formed reticular and

cOllagen fibers. 51 Hyaluronic acid accumulates and

there is decreased incorporation of sulfate into acid

mueopolyeaccharides.4 '5 There is impaired formation

of the basement membrane. Vascular changes include

swelling of the endothelial cells, thinning of vessel

walls, fatty and granular degeneration, cell separation

in walls of larger vessels, capillary fragility and

collagen degeneration.5 1 Intercellular hemorrhaging

occurs, due to decreased intercellular ground substance.

7,52,53,5i Blood vessels are randomly oriented and

fewer in number.
5 2 '5 5

Osseous changes in ascorbic acid deficiency are

related to the lack of bone deposition. Osteoid tissue

is not formed even though there is continued

of steblats 56
proliferation of osteoblasts. Osteoblastic activity

decreases. 5 Osteoporosis is seen in long bone

production, rather than increased osteoclastic activity.
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Irregular Junctions occur between bone and cartilage.

There is failure to form ground substance, along with

subperiosteal hemorrhaging and loss of collagen in bone.

Calcium fixation in bones is reduced along with a

5decrease in calciumsphosphorus ratios. Alkaline

phosphatase activity significantly decreases in bone

and gingiva while acid phosphatase increases in wounds

of deficient animals.
5 5 ,6 0

Dental tissues require significant levels of

ascorbic acid. 3 SkO Odontoblasts degenerate and are

unable to form dental matrix in a deficient state.
7'56

Dentin becomes porous and pulpal tissues hemorrhage as

blood vessels dilatate.ST The periodontal ligament

fibers become less dense as collagen production is

decreased.5 Cementoblasts degenerate and are unable

to deposit cementum. Carious lesions increase in

deficient guinea pigs.61

Acute ascorbic acid deficient conditions are well

documented. Suboptimal intake of ascorbic acid may be

common in guinea pigs and humans.6 2 '6 3 '6 4 Clinically,

chronic hypovitaminosis C of chronic subclinical scurvy

display no overt scorbutic signs. Ginter maintained

adult guinea pigs with 0.5 mg./day of ascorbic acid for

68 days with no weight loss and no overt scorbutic

signs. At the time of sacrifice, he observed

"1

.4i
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enlargement of the spleen and kidneys in the guinea

pig.66'6 7 Others have observed arteriosclerotic changes

in the aorta and impaired polymorphonuclear leucocyte

chemotaxis.8 9 Wound healing was delayed and

68934,00
inadequate.

Massive doses of ascorbic acid have been

advocated for improved postsurgical wound healing.

Kramer observed a statistically greater amount of

hydroxyproline production in "megadosed" guinea pigs
15

than in control animals at 7 days after surgery.

Yew evaluated the time it took scabs of wounded guinea

pigs to detach. It was determined that the number of

days it took for the scab to detach was shorter in

68
animals on high dosage. Other investigators observed

no enhanced wound healing using high dosages of

vitamin C.
34969

Human wound studies using "megadoses" of vitamin

C are inconclusive. Cheraskin observed improved

gingival wound healing in dental students on high doses

of vitamin C.70 Woolfe evaluated healing of periodontal

flap surgery using megadose levels in humans and

0observed no significant differences from controls who

were on recommended daily allowance (RDA) levels of

ascorbic acid.71 Improved clinical healing has been
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observed in the treatment of pressure sores and burns.
72

Megadose therapy was utilized in the treatment of immune

disorders such as Chediak-Higashi syndrome and

Hyperimmune E, as well as collagen disorders such as

Type VI Ehlers-Danlos syndrome.

Harmful effects from megadose therapy have been

discussed in the literature. These include renal stone

formation, gastrointestinal problems, megadose

conditioning, vitamin B destruction and increased12
urinary histamine levels.1 '7 3 Most healthy adult

humans and guinea pigs tolerate massive doses of

ascorbic acid without significant effects.74 '75 '76'77'

78,79,80,81,82,83,84 Once tissue saturation has been

achieved, excess amounts of vitamin C are released

through the respiratory, urinary and fecal routes.
79'

76,8581 Megadoses are only partially absorbed when

orally administered, due to the inability of the small

intestine to efficiently absorb large doses and the

relatively short period of time the ascorbic acid is

retained in the gastrointestinal tract.86 Multiple

doses given in small amounts are readily absorbed.23'19

Giroud observed that oral doses of greater than 50 mg.

would not increase tissue saturation in guinea pigs.
87

Five hundredths of a milligram of ascorbic acid was
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adequate to prevent pulpal degeneration in the incisors.

54088,5 These dosages did not take into consideration

individual needs and variability in guinea pigs. 9

Healing wounds in guinea pigs have been evaluated

by testing for physical strength, by histologic analysis

and biochemical analysis. Collagen formation is an

important constituent of each of the evaluations.
90'91

The variable is ascorbic acid supplementation.

Tensile strength studies evaluated the amount of

force or air pressure needed to reopen a previously

created wound. Results indicated a linear relationship

between the dosage of ascorbic acid and the strength

of the wound.92 ' 93o94'9 5 '6 9 The optimum dosage was

determined as the dosage above which wound strength did

not significantly improve. Guinea pig wounds that were

allowed to heal and then were depleted of ascorbic acid

were found to have less tensile strength than control

wounds, indicating the need for a continuous source of

ascorbic acid to maintain tissue integrity.
96 997

Histochemically, hydroxyproline production

increased significantly in healing wounds of supplemented

guinea pigs. Deficient guinea pig wounds had little,

if any, collagen production.6 8 112 Alkaline

phosphatase also decreased in wounds of guinea pigs
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depleted of ascorbic acid, while acid phosphatase

increased.55

Histologic observations correlate well with

tensile strength and histochemical evaluations. In

skin and oral mucosal wounds, a fibrin clot forms,

followed by a lag period of 2 to 3 days, during which

time phagocytosis of damaged and necrotic tissue occurs.

There is fibroblast and capillary infiltration into the

fibrin clot to form granulation tissue following the

lag period. 9 8 '9 9 Epithelial migration begins at 3 to

6 days, moving at a rate of 0.5 mm./day over the

granulation tissue and under the scab.1 0 0 Collagen

formation and maturation of tissue increases over time.

By I week, epithelium covers all or part of the wound

site. 9 1 P10 1 As connective tissue matures, the

underlying bone remodels and reforms. Size of the

wound may or may not be a factor in the rate of wound

healing. Spain observed larger tongue wounds healed

at a faster rate than smaller wounds in the guinea

pig.1 0 2 Stahl compared healing of large and small

oral wounds in the adult rat and observed a delayed

healing of larger wounds due to the presence of debris

and persistent inflammation. 0 3 Severity of the wound,

infection and nutritional status of the individual all

'#
............................... '.
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affect the stage of wound healing.

In skin wounds of deficient guinea pigs, Hartzell

observed delayed proliferation of the fibroblasts with

little or no collagen production. Edema and bleeding

into the wound site continued for an extended period of

time. Overall healing was delayed for I week. Tensile

strength never achieved the same level as in control

animals.92  Bourne and Hunt observed increased cellular

proliferation, multiple effusions, immature

intercellular substance and immature cells in healing

wounds. Collagen degradation was evident. 91'9 9 Lanman

observed minimal collagen production, persistent

granulation, hemorrhaging and irregular fibroblast

arrangement in wounds of marginally deficient guinea

pigs. Yew and Veen-Baigent showed extended scab

adhesion in marginally deficient guinea pig wounds.
68 0 4

Veen-Baigent also observed significantly enlarged

hearts, kidneys, adrenal glands and spleens in

deficient animals.

Barr made standardized wounds in the femur and

oral mucosa of deficient guinea pigs with a trephine

bur. At 7 days, osteoid formation occurred in the

femur control sites. The wounds of deficient animals

lacked fibrous organization and contained heavy,

amorphous, cellular infiltrate.104 Oral wound sites of

____.____



15

deficient animals displayed inadequate collagen

production and delayed wound healing.1 05 Collins

observed delayed trephine wound healing in the oral

mucosa of the labial mandibular incisors.1 06 Trephine

burs provide a standard wound site to allow for uniform

comparisons. Bassetti created oral wounds in rate to

study the effects of chlorhexidine on wound healing.

A quantitative analysis of histologic wound sections

was made comparing tissue sones between groups.
107

A histologic comparison of standardized wounds in

guinea pigs receiving different levels of ascorbic

acid was accomplished by modifying the technique of

Bassetti. Determinations were made to distinguish if

varying doses of vitamin C affected oral wound healing

in guinea pigs. Body weights, plasma ascorbic levels

and organ weights were also compared.
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Forty-five Murphy/Hartley guinea pigaI with an

initial weight of 350 to 400 gns. were randomly placed

into four groups. One animal died of a nonspecif.c

cause prior to grouping. The groups consisted of 14,10,

10 and 10 animals. Each animal was tatooed on the left

ear for identification: numbered 00 through 44. Two

animals were housed in each cage. The animals were

maintained at the Veterinary Sciences Division, Wright-

Patterson Air Force Base. Animals were fed Purina

Guinea Pig Chow (Appendix A) for 70 days (Figure 1).

Animals were placed on a vitamin C deficient pelleted

diet (Appendix B)11 1 for 14 days.

Following ascorbic acid depletion, the animals

were continued on the ascorbic acid deficient diet.

The groups of animals were supplemented with varying

levels of ascorbic acid. Vitamin C was dissolved in a

20% sucrose and water solution (Appendix C) and was

orally administered with a 10 cc. syringe and plastic

tube. Supplements were given each morning.

GROUP I 0.5 mg.: The minimum dosage of vitamin C

required to prevent clinically overt

I - Murphy Breeding Laboratories, Inc., Plainfield,
Ind. 46168.

1I - Ralston Purina Co., PO Box 548, Richmond, Ind.
47374.

III - ICN Nutritional Biochemicals, PO Box 28050,
Cleveland, Ohio 44128.
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signs of scurvy.65, 8 34r6 8 as 88

GROUP II 5.0 mg.: Adequate dosage of vitamin C

68,106,34,93,5

GROUP III 50.0 mg.: Tissue saturation dosage of

vitamin c34v 6 8 910 6 , 5 4 8 7 910 8

GROUP IV 250.0 mg.: Megadose level of vitamin C

68,76,79

Supplements were administered for 28 days so that the

animals would become conditioned to the amount of

vitamin C.9'65 The weights of the guinea pigs were

determined and recorded twice weekly in the morning

after administration of the supplement.

On day 28, all the animals were anesthetized with

a combination of Ketamine
I and XylazineII (Appendix D).

I09

The anesthetic mixture was given in a dosage of 0.5

cc./kg. body weight, intramuscularly, in the hind leg

using a 1.0 cc tuberculin syringe. One group of animals

at a time was anesthetized. Each animal was laid on

its back on a towel-covered board and a rubber band was

looped over the maxillary incisors. A modified rubber

dam forcep was used to retract the buccal tissues. The

I - Vetalar (Ketamine Hydrochloride), Parke-Davis, Div.
of Warner-Lambert Co., Morris Plains, N.J. 07950.

II - Rompun (Xylazine), Haver-Lockhart, Bay Vet Division/
Cutter Laboratories, Inc., Shawnee, Kansas 66201.

L --
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tongue was retracted with a periosteal elevator and the

mandibular incisors were pulled away for direct vision

of the surgical site. The premaxilla was chosen as the

site to create a standard wound. A trephine bur, 2.3

mm. in diameter, was inserted in a variable speed

handpiece to make a uniform wound in the midline of the

oral mucosa, anterior to the maxillary premolars.

(Figure 2). The trephine bur penetrated the tissues

until it met resistence from the underlying bone. An

eight-round carbide bur was used to penetrate the

surface of the bone to mark the site. The wound was

rinsed with saline and the debris was auctioned with a

pipette attached to a faucet vacuum unit. The animals

were wrapped in towels to maintain body temperature and

were returned to their cages. Towels were removed

following recovery from anesthesia.

Thirty-six days following the beginning of

supplementation, each group of animals was anesthetized

with Ketamine and Xylazine. Approximately 8 cc. of

whole blood was removed via heart puncture with a 20 cc.

disposable syringe and 18 gauge needle. The blood sample

was injected into two foil-covered blood collection

tubes. The blood samples were stored in a refrigerator

- 150-023 Trephine Bur, Phingst Busch Co., Germany.

_-.7
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at 50C for I half hour. The blood was centrifuged for

5 minutes and plasma was extracted. The combined plasm

was then injected into a third collection tube and

stored in the refrigerator. All samples were collected

at the end of the day and placed in ice.

Plasma samples were analyzed for ascorbic acid by

the Department of Toxicology, Hamilton Hall, The Ohio

State University (Appendix E). The plasma was frozen

at -5"C and stored for I week. Samples were thawed and

metaphosphoric acid was added to prevent spontaneous

ascorbic acid oxidation. Control samples of known

amounts of ascorbic acid were plotted and graphed using

high performance, liquid, chromatographic (HPLC)

analysis. Linear regression was used to determine the

best fit line, using values of 0.1 ug./ml. to 40.0

ug./ml. The plasma samples were analyzed and the values

determined by comparing the peak heights to the

standard curve. The HPLC analysis is sensitive at

concentrations of 0.1 ug./ml. and total recovery

approaches 100%. Plasma ascorbic acid concentrations

were recorded and compared.

Immediately following blood collection, the animals

we given a 3 ml. lethal dose of sodium pentobarbital1

I " Uthd-$.lution, 5 gm./ml., 100 ml. vial, Butler Co.,
Columbi:)t, Ohio 43228.
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by intracardial injection. An abdominal incision was

made and the kidneys, adrenal glands and spleen were

removed. The kidneys and adrenal glands were weighed

in pairs on an Ainsworth analytical scale. The weights

were recorded.

The maxillary jaw was removed with a Stryker saw

and Ochsenbein chisels. A block section of the wound

site was removed. The first premolars were retained

within the block to aid in proper orientation of the

maxilla in paraplast (Figure 3). The biopsies were

fixed in 10% neutral buffered formalin for 4 days,

photographed and washed in tap water. They were placed

in individually labelled gauze sacks and decalcified in

a solution containing formic acid and sodium citrate.'

Radiographs were taken at 7 and 14 days and were used

to determine that decalcification was complete at 2

weeks, except for portions of the premolars. Calcified

areas were removed. The tooth side of the biopsy was

labelled with India ink. The specimens were placed in

metal cassettes, washed for 24 hours and processed on

the autotechnicon. The sequence and time of solutions

were: 70% alcohol, 1 hour; 80% alcohol, 1 hour; 95%

I -Formic Acid- Sodium Citrate Decalcifying Solution
(one part 50% formic acid- one part 20% sodium
citrate, water), The Ohio State University, Columbus&

Ohio 43210.

° -|-I

r_____ . .. . . . . . . .. . . . . . .. . . .
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alcohol, hour; 100% alcohol, 2 hours; 100% alcohol,

2 hours; xylene, I hour; xylene, 2 hours; paraplast, I

hour; paraplast. Specimens were retained in paraplast

until imbedded. The infiltrated specimens were

oriented in plastic wells so that the side labelled

with India ink was facing the bottom of the well. The

masticatory mucosa was oriented perpendicular to the

base of the well.

Cross sections of the wound site were cut on a

Universal Microtone. Serial sections were made at a

thickness of 6 microns and the twentieth and twenty-

first sections were mounted on separate slides. The

specimens were fixed on a warming tray. They were

deparaffinized and rehydrated through the following

solution series: two changes of xylene, two changes of

absolute alcohol, one change of 95% alcohol and distilled

water. Alternating slides were stained with hematoxylin

and eosin and Masson's stain for histologic evaluation.

The specimens were then mounted in Canada balsam under

cover slips.

The sections were examined using a Zeiss binocular

microscope. The widest expanse of the healing wound

was determined by using a 7 mm. square quadratic test

grid in the viewing area at a magnification of 31X. A

representative slide stained with hematoxylin and eosin
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and Masson's stain was selected for histologic and

histomorphometric evaluation. Slides were randomly

numbered and evaluated impartially. The following

tissue zones were evaluated:

1. Zone of Epithelialization: identifying criteria

included cellular proliferation, flattening and

elongation of epithelial elements at the wound

margins, keratin formation, rete peg formation and

widened germinatival layer with many mitotic

figures.

2. Zone of Fibrin Clot Formation: identifying

criteria included a dense inflammatory cell

infiltrate entangled in a amorphous fibrin network.

3. Zone of Granulation Tissue: identifying criteria

included cellular proliferation, vascular

proliferation with capillary invasion, deposition

of intercellular substances and fiber formation.

J.. Zone of Residual Mature Connective Tissue:

identifying criteria included decreased cellularity,

fibrous proliferation, mature, thickened collagen

fibers, presence of osteoclastic activity and

presence of osteoblastic activity.

These zones were evaluated within an area

encompassing the grid overlaying the central part of

the wound. The center was determined by counting the
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number of grids across the wound site and dividing by

two. This area encompassed the edges of the bone wound

or residual mature soft connective tissue. The center

grid was placed over an identifiable landmark in the

middle of the wound. The top row of grids o rlayed

the surface of the wound. All grids that contained

greater than 50% soft tissue were counted. Bone, teeth,

artifactual spaces and cystic tissue were not included

in the counts, but were described histologically.

Tissue zones were measured by counting the number of

grids containing each type of tissue in the wound area

(Figure 4). Four randomly selected slides were

evaluated by the chief investigator and another

evaluator to determine accuracy of counting the wound

sites. The number of grids counted in each zone were

expressed in percentages of the wound area covered by

the grid.

The following dependent variables were analyzed

and compared for each group using a one way analysis of

variance (ANOVA) 12: the ratios of organ weights

divided by body weights (kidneys, spleen and adrenal

glands); the average body weight change from day 0 to

day 28 and from day 28 to day 35; and the percentages

of tissue zones (epithelium, fibrin clot, granulation

tissue and residual mature connective tissue). Where



the ANOVA was significant, aposteriori pair-wise

comparisons were done using Duncan's New Multiple Range

Test.11
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RESULTS
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The ascorbic acid free diet was veil tolerated by

the guinea pigs. Supplementing the guinea pigs was

difficult, for groups receiving 50.0 and 250.0 mg. of

ascorbic acid, due to the acidity of the solution.

Allowing the guinea pig to chew on the plastic syringe

tubing and administering the supplement slowly aided

in administering the proper dosage. Five animals died

from pharyngeal or esophageal abscesses prior to wound

formation. One animal died in Group III and two animals

each died in Groups I and IV. No animals died following

surgical wounding.

From day 0 to day 28, all groups gained weight,

but this weight gain was not significantly different

(F=.490 df=3/35, P>.50). Significant weight differences

following surgery were observed from day 28 to day 35

(F=5.26t df=3/35t P<.005). Guinea pigs receiving 0.5

and 5.0 mgs. of ascorbic acid each day lost weight,

while those receiving 50.0 and 250.0 mg. of ascorbic

acid each day gained weight. Statistically significant

weight differences WP.05) occurred between Groups I

and III. I and IV and between Groups II and III.

Guinea pig organ weights were deter'mined at

sacrifice. The ratios of the organ weighta to the body

weights were calculated and compared (Appendix H).
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Kidney (F=2.83, df=3/35, P=.0514) and spleen (F=.814,

df=3/35, P>.50) to body weight ratios were not

significantly different between groups. Kidney to body

weight ratios, however, were increased in Groups I and II.

These values approached a significant level. Adrenal

gland to body weight ratios were found to be significantly

different (F=3.03, df=3/35, P=.0514). Groups III and IV

were significantly higher (P<.05) when compared to Group I.

Ascorbic acid plasma levels were not detectable in

Groups I and IV. Minimal levels of ascorbic acid were

observed in four samples from Group II and three samples

from Group III (Appendix I).

Clinically, the oral wounds appeared uniform in

size after 8 days. All wound sites were covered by

soft tissue. Wound shapes varied from ovoid to circular

(Figure III). Wound sites were visually detectable and

block sections were removed easily.

A histologic section was taken from an animal not

surgically wounded (Figure IX). The epithelium was

orthokeratinized, 50 to 60 cells thick and rote peg

formation was evident. The underlying connective

tissue was fibrous and cellular. The tissue was

vascular; containing arterioles, venules and

capillaries. The connective tissue adjacent to the

underlying bone contained thickened collagen fibers.

-4 "" -i . . "-- ' " " ' - -
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Osteoblastic activity produced an atypical bony pattern

(chondroid bone). Mature osseous tissue was

unremarkable. The overall bony pattern was trabecular

with highly cellular connective tissue interspersed

between the trabeculae. The roots of the teeth were

observed beneath the bone. The thickness of the

premaxilla site was 1.5 to 2.0 mm.

The surgical wounds varied in size, ranging in

width from 2.5 to 4.0 mm. between the bony margins.

The widest wound sections were used to evaluate the

central wound site. Each tissue zone was counted with

the grid and the ratio of tissue type to the total

tissue area was calculated (Appendix J). Statistically,

there were no differences ( P.05) between the tissue

types (Table III).

The epithelium on the wounds covered all but five

sites. In areas where it failed to cover, the marginal

cells were flattened and elongated as they migrated

over the granulation tissue. Exfoliating bone spicules

were associated with these ulcerated sites. Cyst

formation was observed in five wounds. Four of the cysts

appeared to contain keratin. The fifth appeared to be

odontogenic, consisting of ameloblastic cells lining

the walls and producing an enamel matrix. Several

wound sites exhibited epithelial downgrowth into the
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granulation tissue or adjacent to the tooth surface.

The epithelium in the majority of the wound sites

was keratinized, 10 to 50 cells thick and exhibited

rete peg formation. The germinatival layer was widened

and all epithelial layers were discernable.

Fibrin clot was characterized by an amorphous

cellular zone with a dense inflammatory cell infiltrate.

It was observed in 11 out of 39 specimens, eight of which

were seen in Groups I and II (Appendix J). It was

observed in the superficial area of the wound and

occasionally encased in epithelium or associated with

bone spicules. Fibrin encompassed over 50% of the

area in three wound sites evaluated under the grid.

The zone of granulation tissue was distinguishable

by the proliferating fibroblasts and endothelial cells.

Vascular proliferation was determined by the numerous

budding capillaries. Fiber formation was observed by

the light blue staining of the immature collagen.

Granulation tissue was covered by epithelium or fibrin

clot in the central portion of the wounds. It was

superficial to the underlying bone and blended into the

residual mature connective tissue. Occasional

inflammatory cells were observed within the granulation

tissue. Vascularity and cellularity were uniform in

all sections observed. Collagen fibers increased in
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number and thickness towards the periphery of the 
C

wound sites.

Residual mature connective tissue was

differentiated from granulation tissue by the dark

blue staining of the mature collagen fibers. Other

features including decreased cellularity of the tissue

and an increase in intercellular substance were located

at the periphery of the wound site below mature

epithelium. Three histologic sections did not contain

mature connective tissue within the grid area. These

were the same wound sites that contained over 50%

fibrin.

Osseous tissue was observed in a state of

simultaneous osteoblastic and osteoclastic activity.

Osteoclasts lined the immediate periphery of the bone

margins, as well as, the opposing side of the trabecular

bone. Exfoliating bony spicules were occasionally

located in the granulation, epithelial and fibrinous

tissues. This bone was nonvital and appeared to impede

the healing of adjacent tissues. Active atypical bone

formation was observed in all but three histologic

sections. This chondroid-like tissue was highly cellular

and stained a-lighter blue when compared to mature bone

tissue. Bone formation was observed along the

peripheral borders of the wound, as well as, in sites

t ' .
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devoid of adjacent bone. These areas were probably

cross sections of new trabecular bone formation.

Bone was not observed in several sections covering

the roots. Occasionally, roots appeared damaged from

the bur during surgery. In other areas, roots were

undamaged and bone was not evident due to extensive

bone resorption. Histologically, ascorbic acid had no

effect on morphologic bone formation or resorption in

any group of animals.

6
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DISCUSSION
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The effects on wound healing by varying levels of

ascorbic acid were evaluated in guinea pig oral mucosa.

Four specific dosages of ascorbic acid were given.

Group I was given 0.5 mg. of ascorbic acid. This

supplement was determined to be the minimal amount of

vitamin C needed to prevent clinical signs of scurvy

in guinea pigs. 65 Group II received 5.0 mg. each day,

which was considered an adequate amount to maintain

health and prevent histopathologic signs of scurvy.

Group III received 50 mg. of ascorbic acid each day.

This amount is generally considered to be enough to

obtain tissue saturation in the guinea pig.31 Group

IV was given 250 mg. of vitamin C each day, which was

designed to determine if massive doses would effect

the healing of oral wounds.
1 5

In this study oral wound healing in guinea pigs

was not affected by varying the level of ascorbic acid.

A modification of the technique by Bassetti was used

to quantify wound healing at 8 days. Bassetti

observed that topical application of chlorhexidine

disturbed the progression of wound healing. Specimens

showed: a reduced or absent epithelial surface,

retention of fibrin clot and granulation tissue and

lack of mature connective tissue. Statistically,

oral wound healing in rats was inhibited by high levels
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of chlorhexidine. 107 There was no statistical evidence

of delayed or enhanced wound healing in the present

study. There were variations in tissue zone to

total tissue area ratios within each group. Other

factors affected the healing of individual wounds.

Exfoliating bone, cyst formation, variation in the

size of the wound and food retention were observed and

could have altered the progression of healing in the

animals.

Varying the ascorbic acid levels did not affect

epithelial migration and maturation in the wounds.

Investigators have produced varying effects after

depletion of ascorbic acid. Johansen observed
101

epithelialization and keratinization in 5 days.

Hunt observed no effects of partial ascorbic acid

depletion on epithelial formation in abdominal wounds

of guinea pigs.99 Collins, however, observed enhanced

epithelial coverage in oral wounds of guinea pigs.
106

Fibrin clot was observed in eight out of 22

specimens in groups supplemented with 0.5 and 5.0 mg.

of ascorbic acid. Three out of 17 sections in groups

supplemented with 50 and 250 mg. contained areas of

fibrin at 8 days. Delayed wound healing would be

expected to show that the fibrin clot with inflammatory

cell infiltrate would be retained. Hunt observed
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retention of amorphous fibrin in abdominal wounds of

partially deficient guinea pigs.9 9 Bone wounds in

acutely deficient guinea pigs showed a continued

presence of fibrin for 7 days within the wound site.1
04

Perhaps evaluating oral wounds at 8 days allows

healing to progress to such an extent that differences

in the rate of healing can no longer be detected. In

the present study, ascorbic acid had no effect on the

formation or retention of the fibrin clot. Prior to

this study, wound healing was observed histologically

at 5, 7, 12 and 17 days. Eight days was chosen due to

the fact that epithelialization was completed in the

wounds of the pilot study.

Granulation tissue was determined histologically

by the presence of proliferating fibroblasts and

budding capillaries lined by endothelial cells. Early

collagen formation and organization was observed at

8 days. These findings correspond to those found in

animals adequately supplemented with ascorbic acid.

Granulation tissue developed and matured regardless

of the level of ascorbic acid supplement. Turesky

observed a decrease in vascularization and collagen

organization, and a lack of maturation of granulation

tissue in acutely deficient animals after 10 days.2

Hunt reported continued stimulation of fibroblast

°_
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proliferation, reduced capillary invasion and retained

immature connective tissue in partially deficient

99animals. In animals supplemented with high doses

of ascorbic acid, Kramer determined a significant

increase in hydroxyproline production in 7 day

wound sites.1 5

Residual mature connective tissue included mature

collagen fibers, intercellular substance and a decrease

in cellularity. In this study, high levels of ascorbic

acid did not enhance connective tissue maturation

and low levels did not adversely inhibit it. Evaluation

of wound healing at 8 days in guinea pigs may have

been too early to determine formation of mature

connective tissue. 9 9 Other researchers observed a

delayed maturation of collagen in wounds of acute

and partially depleted animals. I 0 05 1 'I 0 5 However,

Claycomb reported that oral collagen in guinea pigs

maintained a high, continuous level of formation. He

observed this in ascorbic acid deficient animals.

Collagen metabolism was also greater in the oral

mucosa than in the skin of guinea pigs. 8 His result

support the findings in this paper, which indicate

that collagen maturation was not significantly different

in animals receiving various levels of ascorbic acid.

Osseous tissue was not one of the dependent

. , . - . . , .1
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variables evaluated quantitatively in this study.

Bone spicules near the wound surface were associated

with ulceration of the wound. The bony periphery of

the wound was lined with osteoclasts and osteoblasts,

indicating active bone remodeling. Bone formation has

been found to be delayed in acute and marginally

deficient animals. 56 '104 Bourne determined that

ascorbic acid deficient animals formed a reduced number

of trabeculae. Hunt assessed bone activity in deficient

guinea pigs and concluded that, except for a slight

increase in osteoclastic activity, there were few

differences in adequately supplemented animals. 58 The

findings in the present study tend to agree. Various

levels of ascorbic acid had no obvious effects on bone

remodeling.

Bone formation was unusual around the molars of

the guinea pig. The highly cellular immature tissue

was cartilagenous in nature and is called chondroid

bone. 7 Almost all the sections observed contained

chondroid tissue. As the tissue matures, it becomes

less cellular, calcifies and takes on a bony

appearance. Chondroid tissue warrants further study,

using the guinea pig as the animal model.

In this study, wound healing was not always

consistent. In some wounds the bur had penetrated
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through the bone. The underlying tooth were occasionally

damaged and may have affected the healing progression.

The use of the second bur may have caused this variation

and was probably unnecessary following wounding with the

trephine bur. Bone spicules were sometimes found in the

wound site oven though the wounds had been irrigated and

evacuated carefully. Wound widths were not always

uniform. This could have been due to excessive lateral

movement of the bur, increased osteoclastic activity

prior to sacrifice or processing of the specimens.

It is of interest that an odontogenic cyst was

observed in one of the specimens. An excessively deep

wound allowed ameloblastic cells to migrate toward the

surface from the continuously erupting incisor. Matrix

formation was observed within the cyst, indicating the

specialization of the cells. Keratin formation was

observed in four other cysts seen in the specimens.

Four randomly selected slides were counted by two

examiners to determine accuracy. Sixteen tissue zones

were counted and the examiners were found to be

accurate within two grids in each zone. All sections

were randomly counted at least three times and the

number of grids from each zone was averaged to reduce

the chance for error. Counting errors could have

occurred due to improper centering of the grid,
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tangential sectioning of the blocks or distortions of

the specimens during processing of the tissues.

Varying the levels of ascorbic acid had no effect

on the overall healing of oral wounds in the guinea

pigs at 8 days. The method used may not have been

sensitive enough to detect differences between the

tissue zones of each group. Various investigators

have determined that ascorbic acid is mobilized and

concentrates in areas of healing and high metabolic

activity in the body. This occurred in the guinea

pig, regardless of the amount of vitamin C given to

the animal.37 ' 8 ' 9'99 This could explain why there

were no differences in wound healing. All wound sites

may have received enough ascorbic acid to permit

adequate healing. Schwartz maintains that even

minimal amounts of ascorbic acid are sufficient for

wound healing. 9 1 Wilson observed that vitamin C

115
was absorbed through the buccal mucoaa. This

should be considered in this study, since the animals

received orally administered ascorbic acid.

It is difficult to make direct comparisons of

this study to others, due to differences in methods.

Studies that compared tensile strength of wounds

observed differences in acutely and partially deficient

animals. 9 2 ' 9 3 '99 Yew and Veen-Baigent used a gradient
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of ascorbic acid levels to determine the effect on scab
Nadhesion in guinea pigs. Although they observed

extended scab adhesion in minimally supplemented

animals, increased levels of ascorbic acid had no

significant effect on reducing the time scabs were

retained. Hydroxyproline and hydroxylysine production

increased linearly with higher supplements of ascorbic

acid. There were no increases in these collagen

components when animals received high supplements
of vitamin C. 34 '6 8 However, Kramer observed increased

hydroxyproline production in skin wounds of highly

supplemented animals at 7 days. The apparent

discrepancy can be explained by the timing of the

evaluations; Veen-Baigent evaluated the wounds at 8

weeks and Kramer made his determinations at 7 and 14

days. In the present study, comparing wound healing

at various time intervals after surgery may have

demonstrated significant histologic differences.

Clinically, all animals received ascorbic acid

supplementation via oral administration. Group II

received daily amounts of vitamin C considered to be

adequate for normal health and well being.
7 105 5491 0 6

A designated control group receiving adequate amounts

of ascorbic acid in food was not considered appropriate.

The uptake of vitamin C by the animals would have beenFdifficult to determine.



Plasma levels of ascorbic acid were determined in

this study to calculate if there was a linear

relationship between supplement levels and the amount

found in the plasma. Only seven animals from Groups

II and III had detectable levels of ascorbic acid in

the plasma. There are several possible explanations

for these results. Blood samples were removed 24 to

32 hours after final supplementation. Ascorbic acid

is not stored in the plasma. It is transported in the

blood to various sites in the body, where it is stored

and utilized.32t40985 Therefore, minimal or no ascorbic

acid would be found in the plasma. However, studies

have indicated the presence of vitamin C in acutely

deficient animals.3 5 ,8 o 9 2 .99 Plasma levels are not

considered to be completely reliable and only indicate

metabolic turnover rate.29,35 It may fluctuate during

the day.3 0 All of the animals in this study were

placed on a 2 week ascorbic acid deficient diet in

order to reduce tissue stores. They were given oral

supplements of ascorbic acid, which stressed the

animals. Groups III and IV were stressed more, due

to the extreme sour taste of the solution. It is

interesting to note that investigators have not

indicated problems administering high levels of ascorbic

acid orally to guinea pigs. In this study, oral
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administration of ascorbic acid was difficult and

stressful. Surgery was performed on all animals. The

combination of all these events contributed to the

reduction of ascorbic acid in the animals. Stress

from surgery has been shown to reduce plasma levels

of ascorbic acid. 1,68  Inducing a scorbutic state in

animals decreases their ability to absorb ascorbic

acid, especially high doses.5' 9 2 ' 6~ Various

anesthetics have been shown to lower levels of ascorbic

280116acid. ' In summary, the lack of plasma ascorbic

acid may have been due to stressful procedures, poor

absorption, anesthesia or obtaining blood samples after

the vitamin C was utilized and stored in the tissues.

Evaluation of ascorbic acid levels in tissues of the

adrenal gland would probably have been a better

approach in determining individual animal stores,5'31 v
65

A standard approach in determining adequate

- - supplements of ascorbic acid was to measure weight

changes or growth in guinea pigs.33'65  All animals

were weighed twice a week from day 0 to day 28. The

weight differences between groups were compared and

found to be nonsignificant. All four groupsa gained

similar amounts of weight. Group Is even though it

received the minimal supplement of ascorbic acid,rgained weight consistent with the other groups. This
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study confirms the findings of others who gave guinea

8t58,65
pigs 0.5 mg. of ascorbic acid each day. However,

individual variation in weight gains within each group

was a common occurence. Williams and Deason observed a

20 fold weight variation in guinea pigs receiving various

low levels of ascorbic acid. They noted a trend toward

improved weight gain with higher supplements of vitamin

89
C. Other researchers have observed similar findings,

with no increase in weight gain at high doses.26 '34 96 8 '8 7

It appears that very low vitamin C supplements are a

factor in reduced weight gain and well being of the

guinea pig. In this study, various levels of ascorbic

acid had no effect on growth of the guinea pigs.

After surgery, Groups I and II had a mean loss in

weight. Groups III and IV showed a net gain in weight.

Significant differences in weight were observed between

Group I and Groups III and IVi as well as between Group

II and Group III. One would expect a loss in weight

following oral surgery, due to the discomfort from the

wound. Animals given high levels of ascorbic acid

recovered better than those on low doses. Yew observed

68similar results following surgery. Ginter reported

that guinea pigs given high doses of ascorbic.acid had

a delayed loss of weight when placed on a scorbutic

diet. In this study, increased levels of ascorbic acid

I-



significantly enhanced weight recovery following

surgical trauma. Systemically# high doses appeared to

be of some benefit post surgically, but not to the

observed injured tissues. This is an important

consideration which should be investigated further.

Organs were weighed at sacrifice and the ratio of

the organ weight to the overall weight of the animal wasp

determined. Spleen to body weight ratios were not

significantly affected by ascorbic acid supplementation.

Ginter and Veen-Baigent observed enlarged spleens in

chronically deficient animals after 68 days and 142 days,

respectively.~~ In the present study* 35 days may

have been too early to determine significant differences

in spleen to body weight ratios.

Differences in kidney to body weight ratios

approached significance (P=.0514). Other studies have

observed kidney to body weight ratio increases after

5 to 10 weeks on marginal supplements of ascorbic acid.

The organ weight gain was thought to be due to increased II
fluid retention.3isS 6  Groups I and II in this study

received vitamin C supplements that caused an increase

in the kidney weights of these animals in relation to

their total body weight.

Adrenal gland to body weight ratio values were

significantly higher in Groups III and IV. These
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results were in contrast to previous studies. Howard

and Veen-Baigent observed a significant increase of

organ size in ascorbic acid deficient animals, not

in highly supplemented guinea pigs.34,66 The

discrepancy may have been due to the significant weight

losses by the animals. The adrenal gland weights

increased slightly and the overall body weights

decreased significantly. This produced a doubling of

the adrenal gland to body weight ratio in Howard's

study. The adrenal gland enlargement was due to an

increase in cell number and size, an increase in

vascularity and an increase in the size of the medulla.

In the present study, high levels of ascorbic acid

supplementation produced more stress in Groups III

and IV. This may have caused an increase in the size

of the adrenal glands. Administering lower doses to

Groups I and II appeared to have been less stressful.

Also, the animals used in this study were initially

much larger. The average weight at sacrifice was over

800 gm. Most studies have used animals that weighed

in the range of 400 to 500 gm. Size and age of the

guinea pig may have been a factor in all the dependent

variables examined in th4 s study and warrants further

investigation.

Large single doses of vitamin C were not
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efficiently absorbed by the guinea pigs. Other studies

have shown smaller multiple doses of ascorbic acid

were absorbed better than a single dose. Adequate

levels were absorbed by the guinea pig and the remainder

of the vitamin C was excreted in the urine.7 9 The

effects of continuous multiple supplements versus

single daily supplements of vitamin C on wound healing

warrants further study.

The study failed to show any benefit of massive

doses of aacorbic acid in oral wound healing. This

agrees with a recent human study by Woolfe.
7 1

Periodontal surgery was performed on patients

supplemented with I gm. of ascorbic acid each day.

Healing was not significantly improved. Cheraskin

observed improved gingival wound healing in dental

students administered I gm. of vitamin C each day.
7 0

The controversial role of nutrient supplementation

will continue until improved methods of evaluating

wound healing are developed.

0i
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CONCLUSIONS
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1 1. Varying the level of ascorbic acid supplementation

had no significant effect on oral wound healing

in guinea pigs at 8 days.

2. Plasma ascorbic acid levels were detectable in

only seven animals, regardless of the level of

supplementation.

3. Varying the level of ascorbic acid supplementation

had no significant effect on growth or weight

gain from day 0 to day 28.

4. Varying the level of ascorbic acid supplementation

significantly affected the weight of the guinea

pigs post surgically, between the ascorbic acid

deficient Group I and the high ascorbic acid

supplemented Groups III and IV, as well as between

the normal ascorbic acid supplemented Group II

and the moderately high supplemented Group III.

5. Varying the level of ascorbic acid supplementation

had no significant effect on the organ to body

weight ratios of the spleen.

* I

• -;. : ' . . . . . , , : . . . • , . .
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6. Minimal levels of ascorbic acid supplementation

tended to increase the organ to body weight

ratios of the kidney.

7. Increased levels of ascorbic acid supplementation

significantly increased the adrenal gland to body

weight ratios between the ascorbic acid deficient

Group I and the high ascorbic acid supplemented

Groups III and IV.

.4



SUMMARY



Forty-five Murphy/Hartley guinea pigs were

randomly placed into four groups and fed an ascorbic

acid deficient diet for 2 weeks. Each group of animals

then received a daily oral supplement of the following

doses of ascorbic acid: 0.5 mg., 5.0 mg.# 50 mg.9 250

se. All animals were weighed twice a week. Twenty-

eight days later, a standardized wound was made in the

premaxilla. On day 36, all animal. were sacrificed.

Blood samples were evaluated for levels of ascorbic

acid. Thirty nine samples showed insignificant levels

of vitamin C. 32 of which showed no ascorclic acid.

Block sections of the premaxillary wound site were

* - processed for histologic evaluation. Varying the

levels of ascorbic acid had no significant effect on

wound healing. Spleen to body weight ratios were not

significantly affected. Minimal levels of ascorbic

acid tended to increase kidney to body weight ratios

and high doses caused a significant increase in adrenal

gland to body weight ratios. Varying levels of ascorbic

acid supplementation had no affect on growth prior to

surgical wounding. However, increased levels of

ascorbic acid enhanced weight recovery post surgically

in the animals.

>14
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FIGURE II

PREYAXILLA SITE OF WOUND
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FIGURE III

BLOCK SECTION OF WOUND SITE
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FIGURE IV

HISTOLOGIC SECTION OP WOUND AREA
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FIGURE IX

HISTOLOGIC SECTION OF PREIMAXILLA
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APPENDIX A

Purina Guinea Pig Chow Pelleted
Order Number 5026

Ralston Purina Company
P0 Box 548, Richmond Ind. 47374

GUARANTEED ANALYSIS

Protein, minimum 18.0%

Fat, minimum 4.0%

Fiber, maximum 16.0%

Moisture, maximum 12.0%

Ash, maximum 9.0%

Added Minerals, maximum 3.5%

CHEMICAL COMPOSITION

Nutrients:
Protein % 18.3
Arginine % 1.08
Cystine % .28
Glycine % .87
Histidine % .43
Isoleucine % .96
Leucine % 1.46
Lysine % .95
Methionine % .40
Phenylalanine % •89
Threonine % .71
Tryptophan % .27
Valine % .95
Fat% 4.0
PTler % 11.0
TDN % 67.6
M (by difference) % 48.2
osa Energy, KCal/gm. 4.0

F:-

'4
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APPENDIX A CONTINUED

F.Ash % 8.5
K'Calcium % 1 .1

Phosphorus % .6
Potassium % 1.2
Magnesium % .35

Sodium % .32
Chlorine % .63
Iron, ppm 298
Zinc, ppm 122
Manganese, ppm 121
Copper, ppm 21
Cobalt, ppm 2.8
Iodine, ppm 1.6
Vitamins
Carotene, ppm 3
Thiamin, ppm 5
Ribof'lavin, ppm 6
Niacin, ppm 50
Pantothenic Acid, ppm 19
Choline, ppm X 100 18
Folic Acid, ppm 4
Pyridoxines ppm 4
Biotin, ppm 0.3
B-12, mcg./lb. 6
Vitamin A, IU/gm. 30
Vitamin D. IU/gm. 3
Aipha-tocopherol, lU/lb. 20
Ascorbic Acid, mg./gm.I
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APPENDIX B

Vitamin C Deficient Diet Pelleted

Order Number 900778

ICN Nutritional Biochemicals
PO Box 28050
Cleveland, Ohio 44128

COMPOSITION:

1. SKIM MILK POWDER (BAKED) 30%protein 35.0%
moisture 3.5%
lactose 51.0%
fat 0.8%
ash 8.5%
lactic acid 1.1%
calcium 1328 mg./100 gin.
sodium 608 reg./100 gim.
potassium 1610 mg./1OOgm.
iron 0.17%

2. GROUND ROLLED OATS 39%
crude protein, minimum 15.0%
crude fat, minimim 4-.0%
crude fiber, maximum 2.0%

3. GROUND WHEAT BRAN 20%
crude protein, not less than 13.0%
crude fat, not less than 3.0%
crude fiber, not more than 12.0%

4. COTTON SEED OIL 8%

5. COD LIVER OIL 2%

6. SODIUM CHLORIDE 1%

a
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APPENDIX C

VITAMIN C SUPPLEMENTS

1MATERIALS

1. Double-distilled water
Stock number 97800

* The Ohio State University
Columbus, Ohio 43210

2. Sucrose Fame Pure Granulated Sugar
Fame Marketing Corp.
Dayton, Ohio 45429

3. Ascorbic Acid
Order number 100769
ICN Nutritional Biochemicals
Cleveland, Ohio 44128

METHOD

Twenty percent sucrose solution was prepared by

weighing 10 grams of sucrose on the Mettler H-45

analytical scale and dissolving it in 500 milliliters

of double-distilled water at room temperature. The

solution was stored in a labelled brown bottle. A

new solution was prepared each week.

Doses of ascorbic acid supplement for each group

of animals were calculated, weighed and placed in clear

20 and 30 milliliter vials. Dosage and concentration

of ascorbic acid were recorded on each vial. Vial

caps were marked I to 4 to indicate each animal group.

Vials were stored at room temperature inside a box.

A fresh solution was prepared each morning and

supplements were given within 45 minutes of preparation.
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APPENDIX C CONTINUED

GROUP 1 0.5 milligram dose of ascorbic acid

Ten milligrams of vitamin C were weighed and placed

into the prelabelled vials. Ten milliliters of 20%

sucrose solution were added and the vial was shaken

until the ascorbic acid dissolved. Each animal in

Group I was given 0.5 milliliters of solution.

GROUP I 5.0 milligram dose of ascorbic acid

Seventy milligrams of vitamin C were weighed and placed

into prelabelled vials. Seven milliliters of 20%

sucrose solution were added and the vial was shaken

until the ascorbic acid dissolved. Each animal in

Group II was given 0.5 milliliters of solution.

GROUP III 50.0 milligram dose of ascorbic acid

Seven hundred milligrams of vitamin C were weighed and

placed into prelabelled vials. Fourteen milliliters

of 20% sucrose solution were added and the vial was

shaken until the ascorbic acid dissolved. Each animal

in Group III was given 1.0 milliliters of solution.

0i
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APPENDIX C CONTINUED

GROUP IV 250.0 milligram dose of ascorbic acid

Three and a half grams of vitamin C were weighed and

placed into prelabelled vials. Twenty-eight

milliliters of 20% sucrose solution were added and

-. the vial was shaken until the ascorbic acid dissolved.

Each animal in Group IV was given 2 supplements of

1.0 milliliter of solution, I half hour apart.

.. 1

'1'
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APPENDIX D
ANESTHESIA DOSAGE109

1. Preparation Formula:

ketamine hydrochloride 4.4 cc.
(100 mg./cc.)

xylazine 2.5 cc.
(20 mg./cc.)

sterile saline 3.1 c.

10.0 cc.

2. Surgical Wound Dosage

22 mg./kg. ketamine hydrochloride

2.5 mg./kg. xylazine

0.5 cc./kg. dosage

3. Blood Sample Dosage

44 mg./kg. ketamine hydroohloride
5 mg./kg. xylazine

1 cc./kg. dosage

• -k
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APPENDIX E

BLOOD PLASMA ASCORBIC ACID TEST

Ascorbic Acid Analysis110 '111

Reagents;

20% Metaphosphoric Acid in demineralized water

0.8% Metaphosphoric Acid in triple demineralized
water (filter through 0.22 um. filter)

Normal plasma

100 mg% Ascorbic Acid in demineralized water
(make fresh)

Standards:

Make standards of 2.5 ug./ml., 5.0 ug./ml., 7.5

ug./ml. using the 100 mg% stock ascorbic acid

and normal plasma

Equipment:

Model 110A dual pump HPLC with a variable
wavelength ultraviolet monitor set for 254 rnm.

Rheodyne type injector with a 20-ul. loop

Vortex mixer

Centrifuge

C1 8 spherisorb 5 um. column

Procedure:

Pipetted 0.5 ml. sample, control or standard into
0 a 12 X 75 test tube. Added 1.0 ml. 20%

Metaphosphoric Acid, vortex and let stand for 10
minutes at room temperature.

Centrifuged for 5 minutes at 1000 X g.

-',.' -:'-i" '.]: " 
_
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APPENDIX E CONTINUED

Injected 20 ul. of supernatant onto a high
performance liquid chromatographic (HPLC)
column.

Plotted peak height of standards versus
concentration.

Reported concentration (ug./ml.) of unknown by
comparing the peak height of unknown to the
standard curve.

HPLC CONDITIONS:

The mobile phase of the HPLC analysis was 0.8%

Metaphosphoric Acid. The column used was a C18

spherisorb having an average particle size of 5 um.

Twenty microliter samples were introduced into the

system via syringe injection. The flow rate was

2 ml./minute. The column effluents were monitored

with a 254 nm. detector.

RESULTS:

Ascorbic acid retention time was 9 minutes and

recovery was approximately 100%. The coefficient

variation was 5%. A linear regression curve was

determined between 0.1 mg./ml. to 40 mg./ml.

Sensitivity of the test was 0.1 mg./ml.
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GUINEA PIG WEIGHTS (GM.)
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GUINEA PIG WEIGHTS (GM.)
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ORGAN TO BODY WEIGHT RATIOS
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ASCORBIC ACID PLASYA ANALYSIS

ASCORBIC ACID
A AN T.AL PLAS 'A LEVEL (IjGI/TL)
A I L GROUP 1 '. 0.0

:. • OP 0.0
i "OL 0.0

0 O_ 0.0

09 _ 0.0
10 0.0
11_,. 0.0_____ ____ ____ ____0.0

09 0.0-h oo.o
11 0.0

IL 0.0
____ ___ ____ ___0.0

GROUP) 2 (5.0 1."G.)

19 0.3
I _ __, 0.0

1 :.0.019 0.0
23 0.0

2? 0.3
23 _0.0

2. 0.0

____ ____ ____ ____0.0

O.L

_ _E 0.0

27 0.o0
__ 0.0

"0'2 0.1)

32 0.0

0.0

r

0.0
? ! .50 .0

-° 1



- - - -- -86j

(x rIo

E- E

r4 0

~-~#-i C\
E-4 CC L\ C C

0 0

i-ij



x co

rnC\ C- o oe

cj
C,,0 C- C

E- C/2 c\ e ' Cq c\ :r

CO,

W-E0

-4 E-~ 4 U

E-4\-

S 0 P ~ -

:r.
E7 q lC

-- V - T- C, C. 0\. C'. C\ C',

z



88

a. :

'EE- crC

C; C C

E- L:,

CC0 ) )C

SE- L

.. .



,iDA132 481 THE EFFECTS OF VARIOUS LEVELS OF AS CORBIC ACID INTAKE 212
UPON ORAL WOUND HEALING IN GUINEA FIG U AIR FORCE
INST OF TECH WRIOHT-PATERSO AFB OH AE STANYA 1983

UNCLASSIFIED AFIT /CI /NR 8 3 - 9 F/ T5 N



.2 122
L6

1.25 1111. 4 1 1.6

MICROCOPY RESOLUTION TEST CHART
NATIONAL BUREAU OF STANDARDS-1I963-A



rz~ 89

to

1-4

- E-

6' 0n 0 0 ~ 0 0 0 0

4. 1- -1..C\,

4CE- q CC>0

00

E-~r

E~r-

rz)

Z'4

C0

'-

fl zC\. t O-"D C\ a'W r ~

E- C\- M'

*C\-



90

REFERENCES

26m.



91

1. Vilter, R.W.s Nutritional Aspects of Ascorbic Acid-
Uses and Abuses. West. J. Med. Sl_ 485* 1980.

2. Stokes, P.L., Melikian, V., and Leeming, R.L.:
Folate Metabolism in Scurvy. Am. J. Clin. utr.
28: 126, 1975.

3. Moore, C.V., and Dubach, R.: Observations on
Absorption of Iron from Foods Tagged with Radioiron.
Tr. A. Am. Physicians. 6: 24t, 1951.

4. Gdthin, G.?.: A Method of Establishing the Vitamin
C Standard and Requirements of Physically Healthy
Individuals by Testing the Strength of Their
Cutaneous Capillaries. Scand. Arch. Physiol. 61:
225, 1931.

5. Chatterjee, G.G.: The Vitamins. Edited by Sebrell,
W.H. Jr., and Harris, R.S. Academic Press, N.Y.,
1967. p. 495.

6. Hughes, R.E.: Non-Scorbutic Effects of Vitamin C-
Biochemical Aspects. Proc. R. Soc. Med. L0t 86,
1977.

7. Navia, J.M., and Hunt, C.E.: The Biology of the
Guinea Pi Edited by Wagner, 3.3., and Manning,
P.J. Acamic Press, N.Y., 1976, p. 247.

8. Sulkin, N.M., and Sulkin, D.F.: Tissue Changes
Induced by Marginal Vitamin C Deficiency. Ann. N.Y.
Acad. Sci. 258. 317, 1975.

9. Alvares, 0., and Altman, L.C., st. al.& The Effects
of Subclinical Ascorbate Deficiency on Periodontal
Health in Nonhuman Primates. J. Periodont. Res.
16: 628, 1981.

10. Lanman, T.H., and Ingalls, T.H.s Vitamin C
Deficiency and Wound Healing. Ann. Surg. 105:
616, 1937.

11. Pauling, L.C.: Vitamin C and the Common Cold. W.H.
Freeman and Co. Inc., San Francisco, 1970P p. 7.

12. Cameron, e., and Pauling, L.C.: Ascorbic Acid and
Glycosaminoglycans. An Orthomolecular Approach to
Cancer and Other Diseases. Oncology. 37: 181,
1973.

.- . ..



92 2
13. Kunin, R.A.: Mona Nutrition. McGraw-Hill Book

Co., N.Y., 1980, p. 221.

14. Ringsdorf, W.t4. Jr., and Cheraskin, M.D.s Vitamin
C and Wound Healing. Oral Burg. 51: 231, 1982.

15. Kramer, G.M., Fillto, L.C., and Bowler, E.C.:
Ascorbic Acid Treatment on Early Collagen
Production and Wound Healing in the Guinea Pig.
J. Periodontol. 50: 189, 1979.

16. Szent-Gyorgyi, A., and Haworth, W.N.: Hexuronic
Acid as an Antiscorbutic Factor. Nature. 131:
24, 1933.

17. Bourne, G.H.: Vitamin C and Immunity. Br. J.
Nutr. 2: 346, 1949.

1a. Thomas, W.R., and Holt, P.G.: Vitamin C and
Immunity. An Assessment of the Evidence. Clin.
Exp. Immunol. )2: 370, 1978.

19. Nelson, E.W., Lane. H., Fabri, P.J., and Scott, B.s
Demonstration of Saturation Kinetics in the
Intestinal Absorption of Vitamin C in Man and the
Guinea Pig. J. Clin. Pharmacol. 18: 325, 1978.

20. Hornig, F.: Site of Intestinal Absorption of
Ascorbic Acid in Guinea Pigs and Rats. Biochem.
Biophys. Re. Commun. 2: 168, 1973.

21. Stevenson, W.R.: The Existence and Characteristics
of Sodium-Dependent Active Transport of Ascorbic
Acid in Guinea Pigs. Am. J. Clin. Nutr. 22:
318, 1969.

22. Zilva, S.S.: The Ascorbic Acid Content of the
Intestine of the Guinea Pig. Biochem. J. 2:

100, 1935.

23. Penney, J.R., and Zilva, 5.S.: The Fixation and
Retention of Ascorbic Acid by the Guinea Pig.
Biochem. J. O: 695, 1946.

241. Gould, B.S.s Assays of Dehydroascorbic Acid,
2-Ketoguluronic Acid, Iron Ascorbate, and the
Effectiveness of Oral and Parenteral Administration
of Ascorbic Acid. J. Biol. Chem. 151: 439, 1943.

fa



93

25. Hou, H.C.: Comparison of Oral and Subcutaneous
Administration ot Protective Doses of Vitamin C.
Proc. Soc. Exp. Biol. Ned. 1: 13919 1935.

26. Odumosu, A.: The Growth Maintaining Activity and
- -, Intestinal Absorption of Ascorbic Acid in Guinea

Pigs. Br. J. Pharmacol. L~s 171, 1970.

*27. Richards# R.K.: The Effects of Vitamin C
Deficiency on the Action of Different Types of
Barbiturates. Proc. Soc. Zxp. Biol. Med. LB:
403, 191.

28. Zannoni, V.G.: Ascorbic Acid and Drug Metabolism.
Biochem. Pharmacol. 21: 1377, 1972.

29. Loh, H.S.# and Wilson, C.W.: The Relationship
Between Leucocyte and Plasma Ascorbic Acid
Concentrations. B. Med. J. 2: 733, 1971.

30. Loh* H.S.# and Wilson, C.W.: Plasma and Taste
Threshold Circadian Rhythms, Their Relationship
to Plasma Cortisol. Int. J. Vitam. Nutr. Res.

3:355v 1973.

31. Heinemann, M.,, and Hald, P.M.: Factors that
Influence the Passage of Ascorbic Acid from Serum
Cells in Human Blood. J. Clin. Invest. 20: 39t
19141.

32. Hornig, D.: Distribution of Ascorbic Acid,
Metabolities and Analogues in Man and Animals.
Ann. N.Y. Aced. Sci. 2Wt 103, 1975.

33. Collins, M., and Eluehjem. C.A.: Ascorbic Acid
Requirement of the Guinea Pig Using Growth and
Tissue Ascorbic Acid Concentration as Criteria.
J. Nutr. ~:503, 1958.

34. Veen-Baigentp 3.3., Ten Cate# A.R., and Brighit-See,
I., et. al.: Effects of Ascorbic Acid on Health
Perimeters in Guinea Pigs. Ann. N.Y. Aced. Sci.
2581 339, 1975.

*35. Kuether, C.A., Teleford, I.R., and Roe, J.N.: The
Relation of the Blood Level of Ascorbic Acid to
the Tissue Concentrations of this Vitamin and to
the Histology of the Incisor Teeth in the Guinea
Pig. J,. Nutr. 28: 3147P 1944.



94i

36. Ralli, E.P., and Sherry, S.. Adult Scurvy and
the Metabolism or Vitamin C. Medicine. 20s
251, 1941.

37. Abt. A.F., Von Schuching, S., and Roe, J.s.
Connective Tissue Studies. I. Relation of Dietary
and Tissue Levels of Ascorbic Acid to the Healing
at Surgically-Induced Wounds in Guinea Pigs.
Bull. Johns Hopkins Sap. IO~j 163, 1959.

38. Abtp A.?., Von Schuching, S., and Roe, J.u~
Connective Tissue Studies. III. Ascorbic Acids
Collagen and Hezosamine Distribution and Histolgy
Connective Tissue in Scars Produced in Guinea Pigs
on Various Vitamin C Dietary Levels Following
Wounding by Abdominal Incision. J. lut. 20t
4279 190.

39. Von Schuching, S., Enna, T., and Abt, A.?.:
Connective Tissue Studies. IV. L-Ascorbic,1-C14

Acid Excretion on Intact and Wiounded Guinea Pigs
on Varying Vitamin C Intakes. Am. J. Physiol.

9923, 1960.

140. Burns, 3.3.,0 BurovX S. B., and King, C.G.s The
Metabolism of 1-C 4'-L-Ascorbic Acid in Guinea
Pigs. Biol. Chem. 191: 501, 1951.

41. Yung, S., Mayersohn, M., and Robinson, J.B.:
Ascorbic Acid Absorption in Mans Influence ot
Divided Dose and Food. Life Sci. 28: 2505, 1981.

42. Burns# J.Je, Dayton, P.G., and Schulenberg, 5..
Further Observations on the Metabolism of L-
Ascorbic Acid in Guinea Pigs. J. Biol. Chem.
218: 15, 1956.

43. Salomon, L.L.: Ascorbic Acid Catabolism in Guinea
Pigs. J. Biol. Chem. 228. 163, 1957.

44. Kirchheiner, B.: The Influence of Ascorbic Acid
Deficiency on Connective Tissues. Dan. Med. Bull.
1_6t 73P 1969.

hiRobertson, W. Van B.: The Biochemical Role of
Ascorbic Acid in Connective Tissue. Ann. N.Y.
Aced. Sci. 22s 1599 1961.



. . . 95

46. Tajima, S., and Pinnelp S.R.: Regulation of
Collagen Synthesis by Ascorbic Acid. Ascorbic
Acid Increases Type I Procollagen aRIA. Biochem.
Biophys. Res. Coun. 106: 632p 1982.

4g7. Murad#S.jq..,Groveg D.9 Lindberg, K.A., et. al.:
* . Regulation of Collagen Synthesis by Ascorbic Acid.

Proc. Natl. Acad. Sci. USA. 28: 2879, 1981.

48. Claycombs C.K.9 Summers# G.W., and Dvvorak, R.M.:
Oral Collagen Biosynthesis in the Guinea Fig. ..
Periodont. Res. 2: 115, 1967.

49. Robertson# W. Van B.s The Effect of Ascorbic Acid
Deficiency on the Collagen Concentration of Newly
Induced Fibrous Tissue. J7. Biol. Chem. 196:
403v 1952.

50. Alfano, M.C., Miller, S.A.# and Drumzaondq 3.?.:
Effect of Ascorbic Acid Deficiency on the
Permiability and Collagen Biosynthesis of Oral
Mucosal Epithelium. Ann. N.Y. Aced. Sci. 2-5:
253, 1975.

51. Stolman, .M.'., Goldman, N.M., and Gould, B.S.:
Ascorbic Acid and Blood Vessels. The Formation
and Maintenance of Connective Tissue and Blood
Vessels Within Polyvinyl Sponge Implants in
Ascorbic Acid Supplemented and Ascorbic Acid
Depleted Guinea Pigs. Arch. Pathol. Lob. Med.
72s 535, 1961.

52. Turesky, 8.3., and Glickman# I.: Histochemical
Evaluation of Gingival Healing in Experimental
Animals on Adequate and Vitamin C Deficient Diets.
J7. Dent. Res. Ul: 273, 1954.

53. Glickman, I.: Acute Vitamin C Deficiency and
Periodontal Disease. I. The Periodontal Tissues
of the Guinea Pig in Acute Vitamin C Deficiency.
J. Dent. Res. it: 9v 1948.

54j. Reid, M.S.: The Guinea Pin in Research. National
Institute of Health, Pub* 557# 195097-p 40.

55. Cabrini, R.L.0 and Carranza, F.A.: Alkaline and
Acid Phosphatase in Gingival and Tongue Wounds of
Normal and Vitamin C Deficient Animals. J.

r Periodontol. jk: 74s 1963.



j

96

56. Wolbach, S.B., and Howe, P.R.: Intercellular
Substances in Experimental Scorbutus. Arch.
Pathol. Lab. Aed. It 1, 1926.

57. H*ojer, A., and Westin, C.: Jaw and Teeth in
Scorbutic Guinea Pigs. A Histo-Pathologioal
Study. Dent. Cosmos. 61: 1, 1926.

58. Hunt, A.M., and Paynter, K.J.: The Effects of
Ascorbic Acid Deficiency on the Teeth and
Periodontal Tissues of Guinea Pigs. J. Dent.
Res. 18: 232, 1959.

59. Salter, W.T. and Aub, J.C.: Studies of Calcium
and Phosphorus Metabolism. IX. Deposition of
Calcium in Bone in Healing Scorbutus. Arch.
Pathol. Lab Med. I1I 380, 1931.

60. Nakamura, R., Toukamoto, Y., Honjo, K., et. al.
Alkaline and Acid Phosphatase Activities in the
Gingiva and Alveolar Eone in Scurvy. Arch. Oral.
Biol. 10, 765, 1965.

61. Fish, E.W., and Harris, L.J.: The Effects of
Vitamin C Deficiency on Tooth Structure in Guinea
Pigs. Br. Dent. J. Ls 39 1935.

62. Stone, I.: Scurvy and the Cancer Problem. Am.
Lab. 6t 21, 1976.

63. Pauling, L.C.: Evolution and the Need for Ascorbic
Acid. Proc. Nat. Acad. Sci. USA. AZ: 1643, 1970.

64. Pauling, L.C.s Are Recommended Daily Allowances
for Vitamin C Adequate? Proc. Nat. Acad. Sci. USA.
2.1 4442, 1974.

65. Ginter, S., Bobekp P., and Ovecka, M.s Model of
Chronic Hypovitaminosis C in Guinea Pigs. Int. J.
Vitam. Nutr. Res. Z8t 104, 1968.

66. Howard, A.N.p and Cater, L.B.: The Adrenal Cortex
and the Effect of ACTH and Cortisone in Scorbutic
Guinea Pigs. J. Endocrinol. 18: 175, 1959.

67. Hughes, R.E.: A Note on Kidney Site in Chronic
Hypovitaminosis C. Br. J. Nutr. 19s 307, 1965.

. . . . . . . . .



97

68. Yew, M.S.: "Recommended Daily Allowances" for
Vitamin C. Proc. Nat. Acad. Sci. USA. 20s 969,
1973.

69. Bourno, G.H.s Effect of Vitamin C Deficiency on
Experimental Wounds. Tensile Strength and Histology.
Lancet. 1: 688, 1944.

70. Cheraskin, B.: The Diet Dilemma in Dentistry. J.
Am. Soc. Prev. Dent. k: 259, 1974.

71. Woolfe, S.N.: Ascorbic Acid and Periodontal p
Disease. Masters Thesis UCLA, 1980.

72. Taylor, T.V., Rimmer, S., Day, B., et. al.:
Ascorbic Acid Supplementation in the Treatment of
Pressure-Sores. Lancet. 2: 544, 1974.

73. Barness, L.A.: Safety Considerations with High
Ascorbic Acid Dosage. Ann. N.Y. Acad. Sci. 28S
523, 1975.

74. Nandi, B.K., Majumder, A.K., Subramanian., et. al.s
Effects of Large Doses of Vitamin C in Guinea Pigs
and Rats. J. Nutr. 103s 1688, 1973.

75. Chatterjee, I. B., Majumder, A.K., Nandi B.K., et.
al.: Synthesis and Some Major Functions of Vitamin
C in Animals. Ann. N.Y. Acad. Sci. 258: 24, 1975.

76. Sorenson, D.l., Devine, M.M., Rivers, J. M.:
Catabolism and Tissue Levels of Ascorbic Acid
Following Long-Term Massive Doses in the Guinea
Pig. J. Nutr. 10k: 1041, 1974,

77. Gordonoff, T.: Darf Manwasserlosliche Vitamin.
Uberdosieren? Versuchi Kit Vitamin C-I. Schweiz.
Med. Wockenschr. 220s 726p 1960.

78. Ginter, 2., Brobna, U., and Ramacsay, L.s Kinetics
of Ascorbate Depletion in Guinea Pigs After Long-
Term High Vitamin C Intake. Int. J. Vitam. Nutr.
Res. 5.: 307, 1982.

79. lornig, D., Weisner, H., Weber, F., at. al.: Effect
of Massive Doses of Ascorbic Acid on its Catabolism
in Guinea Pigs. Int. J. Vitam. Nutr. Res. his
28, 1973.



I..

98

80. Hanck, A.B., and Weiser, N.: Influence or High
Ascorbic Acid Intake on a Defined Ascorbic Acid
Deficiency State in the Guinea Pig. Int. J. Vitam.
Nutr. Re. s 486, 1973.

81. Demole, V.: On the Physiological Action of Ascorbic
Acid and Some Related Compounds. Biochem. J. 28:
770, 1934.

82. Rhead, W.J., and Schrauzer, G.5.: Risks of Long-
Term Ascorbic Acid Overdosage. Nutr. Rev. 29:
262, 1971.

83. Cochrano, W.A.: Overnutrition in Prenatal and
Neonatal Life: A Problem? Can. Ned. Assoc. J.
.Us 893, 1965.

814. Lowry, O.H., Bessey, O.A., and Burch, R.B.s Effects
of Prolonged High Dosage with Ascorbic Acid. Proc.
Soc. Exp. Biol. Med. 80: 361, 1952.

85. Lewin, S.s Vitamin C: Its Molecular Biology and
Medical Potential. Academic Press Inc. London,
1976# p. 137.

86. Zilva, S.S.: Vitamin C Requirements of the Guinea
Pig. biochem. J. 101 1419, 1936.

87. Giroud, A., Leblond, C.P., and Ratsimamanga, R.:
The Vitamin C Requirement of the Guinea Pig. Bull.
Soc. Chem. Biol. 20: 1079, 1938.

88. Mannering, G..: Vitamin Requirements of the Guinea
Pig. Vitam. Norm. Js 201, 1949.

89. Williams, R.J., and Deason, 0.: Individuality in
Vitamin C Needs. Proc. Nat. Acad. Sci. USA. at
1638, 1967.

90. Menaker, L.: Biolo ic Basis of Wound Healing.
Harper and Row, Ragerstown, 1975, p. 324.

91. Schwarts, P.L.s Asooiic cO in Wound Healing- A
Review. J. Au. Diet. -oc L6 1497, 1970.

92. Hartzell, 3.B., and Stone, W.N.s The Relationship
of the Concentration of Ascorbic Acid of the Blood
to the Tensile Strength of Wounds in Animals.
Surg. Gynecol. Obstet. Us 1, 1942.

9,• 
, " -"



99

93. Taffel, M., and Harvey, S.C. Effect of Absolute S
and Partial Vitamin C Deficiency of Healing of
Wounds. Proc. Soc. xp. Biol. Med. 18: 51d, 1938.

94. Bartlett, M.K., Jones, C.M., and Ryan, A.E.:
Vitamin C and Wound Healing.- I. Experimental
Wounds in Guinea Pigs. N. Engl. J. Med. 226:
469, 1942.

95. Bartlett, M.K., Jones, C•M.0 and Ryan, A.E.:
Vitamin C and Wound Healing II. Ascorbic Acid
Content and Tensile Strength of Healing Wounds
in Human Beings. N. Rngl. J. Mod. 226: 476, 1942.

96. Abt, A.F., Von Schuching, S., and Roe, J.H.:
Connective Tissue Studies. II. The Effect of
Vitamin C Deficiency on Healed Wounds. Bull.
Johns Hopkins Hoap. 105: 67, 1959.

97. Pirani, C.L., and Levenson, 5.M.: Effect of
Vitamin C Deficiency on Healed Wounds. Proc. Soc.
Exp. Biol. Med. 82: 95, 1953.

98. Mecray, P.: Nutrition and Wound Healing. Am. J.Clin. Butr. 6: 461, 1955.

99. Hunt, A.H.: The Role of Vitamin C in Wound
Healing. Br. J. Surg, 28: 436, 1941.

100. Howes, E.L.: The Rate and Nature of
Epithelialization in Wounds with Loss of Substance.
Surg. Gynecol. Obstot. 6: 738, 1943,

101. Johansen, J.R., and Gilhuus-Moe, 0.: Repair of
the Postextraction Alveolus in the Guinea Pig.
A Histological and Autoradiographic Study. Acta.
Odontol. Scand. 27: 249, 1969.

102. Spain, K.C., and Loeb, L.: Quantitative Analysis
of the Influence of the Size of the Defect on
Wound Healing in the Skin of the Guinea Pig. J.
Exp. Mod. ?1: 107, 1916.

103. Stahl, S.S.: Healing Responses of Gingival Wounds
of Dissimilar Diameters in Adult Rats. J.
Periodontol. 16: 471, 1965.

104. Barr, C.E.s Oteogenic Activity in Acute Ascorbic
Acid Deficiency. J. Oral Thor. 4: 5, 1967.



771

100

105. Barr, C.E.: Oral Healing in Ascorbic Acid
Deficiency. Periodontics. 2: 28b, 1965.

106. Collins, C.K., Lewis, A.E., Ringsdorf, W.M. Jr.,
et. al.: Effects of Ascorbic Acid on Oral
Healing in Guinea Pigs. Int. Z. Vitam.
Ernaehrungsforsch. 37: 4')2, 1967.

137. Bassetti, C., and Kallenberger, A.: Influence of
Cnlorhexidine Rinsing Dn the Healing of Oral
Muc~sa and Osseous Lesions- A Histomorphometric
Study on Experimental Animals. J. Clin.
Periodontol. 7: 443, 1980.

10. King, G.C.: Present Knowledge of Vitamin C.
Nutr. Res. 2b: 33, 1963.

10j. Frisk, C.S., Herman, M.D., and Senta, K.E.:
Guinea Pig Anesthesia Using Various Combinations
and Concentrations of Ketamine, Xylazine, and/or
Acepromazine. Lab. Anim. Sci. 32: 434, 1982.

110. Wagner, E.S., Lindley, B., and Coffin R.D.:
Effect on Urinarj Excretion Profiles After Oral
and Intravenous Administration of Vitamin C. J.
Cnromatogr. Ib3: 225, 1979.

111. Rose, R.C., and Nahwold, D.L.: Quantitative
Analysis of Ascoroic Acid and Dehydroascorbic
Acid by High-Performance Liquid Cnromtography.
Anal. Biochem. 114: 140, 1981.

112. Winer, B.J.: Statistical Principles in Experimental
Desian. McGraw-Hill Book Co. New York, 1911,p. 149.

113. Li, J.C.R.: Statistical Inference I. Edwards
Brothers, Inc. Ann Arbor, 194, p. 270.

114. Bourne, G.H.: The Effect of Graded Doses of
Vitamin C Upon the Regeneration of Bone in Guinea
Pigs on a Scorbutic Diet. J. Physiol. 101: 327,
194.2.

115. Wilson, C.W.M.: Clinical Pharmacological Aspectsof Ascorbic Acid. Ann. N.Y. Acad. Sci. 258:

355, 1975.



116. Abts A.?., and Farmer, C.J.: Vitamin C, 10Pharmacology and Therapeutics. J. A.M.A. III:



a4

tt

Y4 '4

iti

0 ,4

41.


